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Jerry R. Hensley The Air Force Institute for Operational Health is directed to support environmental remediation activities when radioactive materials are involved and has an emergency response element to respond to emergencies involving missing or dispersed radioactive materials. The Contamination Monitoring System (CMS) was designed to locate, identify, estimate activity, and reject natural background radiation with associated location (global positioning satellite system). The system collects the GPS coordinates via a Trimble GPS and associates the position with the spectral information collected by the 512 channel multi-channel analyzer (SAIC/Exploranium GR-460). The data is easily retrieved using the software supplied by the manufacturer. If a specific data point is located, the spectral information related to that position can be easily retrieved and viewed using various gamma analysis programs to determine if the material is the radionuclide of concern or naturally occurring background radiation. 
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INTRODUCTION
This document will describe the operation and use of the SAIC/Exploranium GR-460 Contamination Monitoring System (CMS). The CMS is used to perform radiological surface and matrix contamination surveys, specifically radionuclides that emit gamma or x-ray radiation during their decay process. This document will also address instrument gamma energy calibration and detector efficiency.
As with any portable field radiological detection instrumentation, the detection limits addressed in this document are specific to the dimensions and conditions referenced. Since actual field conditions are not likely to be exactly per the model, the detection limits should only be used as a guide. Actual in situ measurements or samples should be obtained and analyzed for more accurate measurements. System minimum detectable activities should be calculated based on site-specific backgrounds and applicable standard deviation (ca) or minimum detectable activity calculations.
DESCRIPTION
The CMS consists of the GR-460 console, two 10 centimeter (cm) by 10 cm by 40 cm sodium iodide (Nal) detectors, a Trimble Ag 132 global positioning system (GPS), a trailer modified to carry detectors, and a laptop computer (optional). The detectors are oriented such that they are parallel to each other and oriented with the long axis in the direction of travel. The bottom of the detector case is 25.7 cm above the ground and the distance between the detectors is 29 cm. The distance between detectors and height above the surface was optimized for the detection of Am-241. The system is a total system in that it automatically records the operator's location to within 1 meter (requires OmniStar subscription service) and records the associated spectral data from each detector every second to a PCMCIA card inside the GR-460 console. Figure 1 , CMS, shows the system in its entirety. Data is easily retrieved from the PCMCIA card using associated software (GR660Explore). Data can be binned according to a region of interest (ROI) for a predetermined radionuclide of interest or data can be retrieved for each of the 512 channels (gamma energy from 0 to 3 MeV). The GR660Explore software is capable of removing Compton continuum from the peaks provided the operator sets up the Compton ROI properly. Data can be imported into an Excel spreadsheet to facilitate mapping using industry standard software (i.e. ArcView and Surfer).
The system is capable of being operated with a computer to allow the operator to view the data real time to include visual observation of the GPS breadcrumb trail, via RS-232 telemetry to allow a remote user to observe the same data as the on board operator, or standalone without the use of a computer-the system stores the information on a PCMCIA card. The GR-460 console contains the multichannel analyzers (MCA) for each detector along with basic operation controls. The predominant controls are the automatic energy calibration using a Cs-137 source, gain stabilization using naturally occurring Th-232 progeny TI-208 at 2.615 MeV, and recording the GPS coordinates with values associated with each detector channel each second on a PCMCIA card inside the console. The liquid crystal display (LCD) can indicate the data number, dose rate, or the GPS coordinates.
Operation is typically based on a predetermined survey plan with the accumulated data being stored on the PCMCIA card. Minimal evaluation of data is performed during the survey; however, the system is capable of displaying this information to the operator using a laptop computer. Post interpretation of actual "hard" data points allow all parties involved with the survey process to agree on information. Data evaluation is performed after each survey unit is complete. 
QUALITY ASSURANCE
The system shall be calibrated prior to use with the automated energy calibration function built into the GR-460 firmware/hardware -placing the 662 keV gamma peak from Cs-137 at channel 115. Verification of instrument response shall be performed during each run with a Cs-137 check sourceprior to start and at the completion (operator to evaluate data when the run is complete). Any -source trends outside +2a should be investigated and any values outside -+3a shall be investigated.
OPERATION
The system operation is extremely user friendly. The operator simply connects the cables (Detector 1, Detector 2, GPS, and User if computer connected), applies 12 VDC power, turns the console on (turn key to 1 position), performs energy calibration using Cs-137 source, and collects data.
The typical scan speed is 1 meter per second. Use of faster scan speeds require specific calculations of new minimum detectable activities; scanning faster than allowed may invalidate all data collected at elevated scan speeds.
Upon completion of the survey, the system is turned off and the PCMCIA card is removed from the console. The data is retrieved according to predetermined regions of interest (ROI) or spectral data file with associated GPS coordinates.
Data generated from the ROIs will be binned according to the following parameters background + 2o, greater than 2( but less than 3cy, and equal to and greater than 3a. Staff should investigate values above 3a using portable or in situ equipment to validate elevated readings. During certain evolutions, this arrangement might need to be modified due to large variations in naturally occurring background uranium, thorium, and radium; values as high as 6a might need to be used.
The GPS will not work indoors.
GAMMA ENERGY CORRELATION
The system energy calibration was performed using its ability to capture spectral data files. The known gamma energies were then compared to the peak channel. A second order equation was calculated to convert from a channel number to its keV equivalent. Actual response and associated errors are referenced in Table 1 , Energy Calibration. where X is channel number
EFFICIENCY CALCULATIONS
Measurements were made with discrete gamma sources that are traceable to the National Institute of Standards and Technology. Radionuclide standards were selected based on their highest energy gamma to reduce the interference from Compton scattering with the single exception of the 121.8 keV peak from Eu-152. Obtaining the 121.8 keV information was performed by retrieving 30 one-second spectral data files, conversion to an Excel file, and then to a text file with a TKA extension to allow the file to be imported into Canberra Genie 2k program. Compton removal was performed by the Genie 2k program.
The source was placed under the detectors and moved in increments of 10 centimeters until a field of I square meter was measured. The cps values were modeled to show the detector response patterns while the average net cps values were used for efficiency calculations.
Microshield modeling was performed for each source to calculate the fluence at the center of the Nal detectors and bottom of the detector cases. The average net cps values were then compared to the calculated fluence (gammas per 1 cm 2 per second) for the standard being measured. A net cps per 1 gamma per cm2 per second was calculated for each of the gamma energies used to calculate the detector efficiency. A detection limit is then easily calculated by inputting radionuclide information into Microshield to determine the fluence of the specific gamma energies (ROI specific) at 25.6 cm (height of the detector above the surface). See Appendix A as an example.
Specific sources and gamma energies are referenced in Table 2 , Calibration Data. 
FLUENCE VALIDATION VS MATRIS
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DEPLETED URANIUM
To facilitate use of the equipment, predetermined ROLs have been calculated for various radionuclides. The actual gamma energies and channel numbers associated with each ROI are referenced in Table 1 , Regions of Interest. Background counts and/or ratios will need to be performed for each background type in the area being surveyed, such as different soils, asphalt, concrete, etc.
The survey unit is mapped using DU-1, DU-2, and DU-3. DU-1 is optimized for locating residual DU contamination and discrete metal fragments. DU-3 is optimized for locating discrete metal fragments of DU.
Net U-238 (Pa-234m) = ROI 6 -(ROI 8 * SR) Background I "• DU-1 Encompasses the vast majority of photons emanating from DU "* DU-2 Gross Pa-234m (U-238 progeny) counts "* DU-3 Pa-234m with Compton subtracted (Compton subtraction ratio (SR) to be calculated for each type of material being surveyed) "* DU-4 Pa-234m Compton Detector Response for DU Data referenced in this section is only for calculating a priori detection limits and should not routinely be used as a conversion tool for converting detector cps to a pCi/g value for DU. Contamination is rarely in the form of a homogenized mixture, but may be in the form of discrete particles, small localized contamination, or even a large irregularly contaminated area. Since the distribution of the contamination is not known prior to performing the survey or even immediately after the survey, data generated by the instrument should be used carefully.
DU contamination usually comes in two types: discrete metal fragments and oxidized DU in a soil matrix. Unfortunately, even the oxidized DU will tend to stay together and slowly migrate into the soil unless outside mechanical forces spread the oxide. For the purposes of this document, only oxidized DU in a soil matrix will be modeled. It is extremely difficult to calculate detection limits for discrete DU metal fragments since the emission of the photons (including Bremsstrahlung X-rays) is dependant on the surface area presented to the detector and depth if the source is buried.
Microshield was used to model the photons generated from a soil matrix 1 meter by 1 meter by 15 centimeters deep. For the model, assumptions included: 100 pCi/g DU, soil density 1.6 grams/cc, no Bremsstrahlung production, detectors are 25.6 cm above the surface, and a scan speed of 1 meter per second. Uranium contributions calculated for the model are as follows: U-234 -15.2 pCi/g (< 0.01% by mass), U-235 -1.1 pCi/g (0.20% by mass), and U-238 -83.7 pCi/g (99.8% by mass). Values input into Microshield are U-235 = 1.76 pCi/cc and U-238 = 133.9 pCi/cc to compensate for conversion from pCi/g to pCi/cc with density of 1.6 g/cc. No values were input for U-234 because it is an alpha emitter only and its progeny has a long half-life. For the purposes of calculating a typical detection limit, an average background value for DU-I was 3300 cps with a standard deviation of 60 cps. Background ambient radiation levels were 6 gR/hr. This equates to the following detection limits:
Background + 2o (84 ncps) = 12 pCi/g DU Background + 3y (126 ncps) = 18 pCi/g DU Background + 6y (253 ncps) = 36 pCi/g DU DU-2 is centered around the 1001 keV Pa-234m peak. A detection limit was not calculated since the yield is so low, however, it is an excellent mechanism for validating the presence of DU when there is a large variation in background due to naturally occurring thorium and radium.
